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BUILDING  STRONG, 


Overview 


■  Interferences  in  various  techniques 

►  GF-AAS 

►  ICP-AES 

►  ICP-MS 

■  Interference  corrections 

►  Spectroscopic  overlaps 

•  iec 

•  MSF 

►  Correction  equations 

►  Collision  and  Reaction  Cell  Technology 

■  Pitfalls  of  ‘black  box’  analysis 

►  Rule  of  thumb 


•  Ignore  Rules  of  Thumb 
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Techniques  and  Issues 


■  GF-AAS 


►  Major  interferences 

•  Atomization  suppression 

•  Volatilization 

•  Molecular  and  Atomic  absorptions 

►  Corrections 

•  Optimization  of  thermal  pretreatment  and  atomization 

>  Hotter  if  suppressed 

>  Cooler  if  volatilization 

•  ‘Correct’  matrix  modifier 

>  ‘Universal’  matrix  modifier  (Pd-Mg)  vs  historical  modifiers  (Ni,  Phosphate,  etc.) 

•  Zeeman  and  deuterium  background  corrections 
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Techniques  and  Issues 


►  Major  interferences 

•  Nebulization  suppression  or  enhancement 

•  ‘Plasma  loading’ 

•  Spectroscopic  overlaps 

►  Corrections 

•  Internal  standards 


>  Generally  correct  for  nebulization  and  plasma  issues 

>  Can  yield  spectroscopic  interferences 

•  Interelement  correction  factors  (IEC) 

>  Mathematical  formula:  10  mg/L  of  element  X  yields  0.1  mg/L  false  element  Y 

>  Usually  best  for  direct  spectral  overlap 

•  Multicomponent  Spectral  Fitting  (MSF) 

>  Mathematical  modeling  of  spectra  shape 

>  Generally  better  for  complex  or  variable  interferences 
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ICP-AE  Spectra 


■  Spectral  overlaps  in  ICP-AES 


WinLab32  -  Off-Line  ICP  Continuous  -  Examine  Spectra 


File  Edit  Tools  Analysis  Options  Window  Help 
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Ixnmino  Spectra 


|  Sample  ID  |  Intensity  |  Visible  I  Style  |  Scale1  Offset!  * 
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Techniques  and  Issues 


■  ICP-MS 

►  Major  interferences 

•  Some  are  identical  to  ICP-AES 

>  Nebulization  suppression  or  enhancement 

>  ‘Plasma  loading’ 

•  Isobaric  interferences 

>  Isotopic  overlap 

>  Molecular/polyatomic  species 

>  Double  charged  ions 
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Techniques  and  Issues 


■  ICP-MS 

►  Corrections 

•  Internal  standards 

>  Generally  correct  for  nebulization  and  plasma  issues 

>  Can  yield  isobaric  interferences  (e.g.  formation  of  oxides) 

•  Mathematical  correction  equations  for  isotopes  or  molecular  species 

>  Relatively  straight  forward  for  isotopes  (measure  another  isotope  and  subtract  based  on 
isotopic  abundance 

>  Molecular  interferences  are  slightly  more  complex 

>  Assumes  correction  isotopes  are  clean 

•  Collision  Cell 

>  He  or  other  inert  gas  used  to  ‘break  up’  or  ‘slow  down’  molecular  and  polyatomic  species 

>  Ineffective  with  double  charged  species 

•  Reaction  Cell 

>  Reactive  gas  used  to  ‘break  up’  polyatomics  or  make  specific  polyatomics 

>  E.g.  75As  analyzed  as  91AsO  or  51V  analyzed  as  67V0 
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Correction  Equations 

■  Example:  40Ar35CI  on  75 As 

►  Ignores  other  species,  e.g.  38Ar37CI 

►  75As  =  m/z  75  -  3.127  (m/z  77  -  0.874  m/z  82) 

•  3.127  is  35:37  isotope  ratio 

•  m/z  77  measures  40Ar37CI  +  77Se 

•  m/z  82  measures  Se  in  sample  to  remove  Se  component  in  77  m/z 
term  using  77:82  ratio  of  0.874. 

•  Similar  correction  is  used  for  16035CI  on  51V  using  52Cr  and  53Cr 

►  Correction  equation  depends  on  correction  isotopes  being  clean  of 
‘extraneous’  interferences  (e.g.  ones  other  than  the  Ar-CI  species  of 
interest 

•  Even  though  this  is  a  commonly  used  equation,  it  fails  this  important 
test,  82Se  is  far  from  ‘clean’ 

•  34S1603  and  ^Br 
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Collision  and 


Reaction 


Cell  Technology 


Examples 

►  52 Cr,  53Cr,  67VO 


•  Oxygen  reaction  gas  removes  Ar-C  dimers  (m/z  52  and  53) 

•  OCI  dimers,  however,  are  not,  thus  the  need  for  creation  of  VO 


>  Similar  application  for  AsO 


Typical  Chromatograms  of  Chromium  Species  1 0  pg/L  Standard 
HPLC-RC-ICP-MS  _ _  HPLC-ICP-MS 
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LdJ  Collision  and  Reaction  Cell  Technology 

■  Examples  when  it  may  not  work 

►  Double  charged  ions 

►  Rare  Earth  Elements  (149&150Sm,  150Nd,  and  151  Eu)  on  75As 

►  Collision  Cell  ineffective  because  double  charges  and 
analyte  ions  have  the  same  cross  sectional  area 

•  Not  removed  via  dissociation  or  kinetic  energy  discrimination 


(e.g.)  Oxygen  Gas 
He  Gas 
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Rare  Earth  Interferences 


Second  ionization  potential  sufficiently 
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Repeat  Issue 


Water  district  new  aquifer  samples 

►  Post-treatment  water  containing  suspended  sediment 
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Analytical  Suggestions 


Add  more  internal  standards 

►  89Y  is  not  particularly  good  for  many  elements  as  internal  standard  (based  on 
ionization  potential  for  its  mass  range),  but  it  is  good  for  determining  matrix 
interferences  and  potentially  oxides  (e.g.  105YO) 

►  Use  ‘different’  internal  standards  and  compare  to  traditional  internal  standards 

•  103Rh  generally  works  as  well  as  72Ge  as  an  arsenic  internal  standard  but  is  not  as  susceptible  to 
interferences 


Monitor  multiple  isotopes  (or  wavelengths  in  ICP-AES) 

►  Method  6020  and  6010  ‘guidance’,  use  multiple  data  points  when  available 

►  For  mono-isotopic  elements,  monitor  with  and  without  correction  equations 
Monitor  for  known  or  expected  interferences 

►  52Cr  and  53Cr  or  77Se  and  82Se,  even  if  not  analytes  of  interest,  will  tell  you 
important  information  about  potential  matrix  issues 

Use  the  ‘correct’  analytical  technique 

►  For  the  analyte  and  reporting  range  of  interest 
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Conclusions 

■  GF-AAS  is  an  old  technique,  but  nevertheless  useful  and  an 
important  tool  in  the  toolbox 

■  Using  standard  ICP-AES  emission  wavelengths  and  known  IEC 
is  usually  fine,  but  certain  interferences  require  alternative 
correction  methods,  such  as  MSF 

■  ICP-MS  is  has  interferences  that  can’t  be  corrected 
mathematically 

■  Using  standard  isotopes  and  correction  equations  is  generally 
fine,  but  at  least  monitor  other  isotopes  and  monitor  with  and 
without  correction  equations 

■  Collision  or  Reaction  Cell  ICP-MS  does  not  takes  care  of  all 

other  interferences  in  ICP-MS,  but  is  a  powerful  tool  if  _ 

understood  and  used  properly  ||;™| 
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Questions 


Thanks! 
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